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(57) ABSTRACT

A photovoltaic device forming a solar cell includes a first
surface on a first column and a second surface on a second
column, wherein the first surface is applied with a first light
absorption media and the second surface is applied with a
second light absorption media. The first surface and the sec-
ond surface form a resonance cavity that can trap incident
light entering to enhance light absorption.

16 Claims, 8 Drawing Sheets
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1
PHOTOVOLTAICS USING CONCAVE
SURFACE COLUMN ARRAY TO ENHANCE
SUNLIGHT ABSORPTION

CLAIM OF PRIORITY

This application claims the benefit of priority from the
following applications, incorporated by reference herein:
U.S. Provisional Patent Application No. 61/191,899, entitled
“CONCAVE THREE-DIMENSIONAL ARRAY SOLAR
PANEL FOR VISIBLE AND ULTRAVIOLET LIGHT;”
inventor William Yuan; filed on Sep. 12, 2008; and U.S.
Provisional Patent Application No. 61/183,373, entitled
“PHOTOVOLTAICS USING CONCAVE SURFACE COL-
UMN ARRAY TO ENHANCE ABSORPTION OF SUN-
LIGHT;” inventor William Yuan; filed on Jun. 2, 2009.

FIELD OF THE INVENTION

This invention relates generally to generating electricity
using a solar panel, and relates particularly to a solar panel
that absorbs solar energy in multiple wavelength regions to
generate electricity.

BACKGROUND

Solar energy spreads in broad wavelengths from infrared to
the ultraviolet (UV) spectra. Solar energy can be absorbed for
the generation of electricity through the use of semiconductor
materials on a solar panel. In the process of generating elec-
tricity, the bandgap energy of the p-n junction of the semi-
conductor materials determines the range of wavelength of
the solar energy that can be absorbed by semiconductor mate-
rials applied on the solar panel. Solar energy outside the
bandgap energy of the solar panel can not be absorbed for
electricity generation. Due to the limitation on the bandgap
energy of the p-n junction of the commonly used semicon-
ductor materials, most solar panels absorb solar energy only
in a limited wavelength, such as visible light.

In addition, most commonly used solar panels are flat solar
panels or two-dimensional solar panels that allow sunlight to
interact with the solar cell only once. Hence, the majority of
the sunlight is reflected rather than being absorbed. This
causes low efficiency ofthe commercial solar panels on sunny
days, and even lower efficiency on cloudy and rainy days.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exemplary illustration of concave surface
resonance cavity used to trap light for the absorption of solar
energy, in accordance with various embodiments of the
present invention.

FIG. 2 is an exemplary illustration of the concave surface
resonance cavity as shown in FIG. 1 when sunlight first
strikes the surface having the visible solar absorption media.

FIG. 3 is an exemplary illustration of the concave surface
resonance cavity as shown in FIG. 1 when sunlight first
strikes the surface having the ultraviolet (UV) solar absorp-
tion media.

FIG. 4 is an exemplary illustration of a concave surfaced
column array photovoltaic panel, in accordance with various
embodiments of the present invention.

FIG. 51s anexemplary illustration of'a cross-sectional view
of FIG. 4, taken along a line 4-4 and column arrays in the X
direction.
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FIG. 6is an exemplary illustration of a cross-sectional view
of FIG. 4, taken along a line 3-3 and the column arrays in the
Y direction.

FIG. 7 is an exemplary illustration of a photovoltaic system
that can absorb a full spectrum of sunlight that includes vis-
ible light, UV light, and infrared light.

FIG. 8 is an exemplary illustration of a top view of FIG. 7
with three columns in accordance with an embodiment of the
present invention.

FIG. 91s an exemplary illustration of a cross-sectional view
of FIG. 7, taken along a line A-A or B-B of cavity arrays.

FIG. 10 is an exemplary illustration of a cross-sectional
view of FIG. 7 taken along a line C-C and the cavity arrays in
the X direction.

FIG. 11 is an illustration of a concave surfaced photovol-
taic system, in accordance with various embodiments of the
present invention.

FIG. 12 illustrates a cross-sectional view of FIG. 11 taken
along a line I-I.

FIG. 13 is an illustration of an example of the concave
surfaced photovoltaic system with resonance cavities placed
on both sides of a panel, in accordance with various embodi-
ments of the present invention.

FIG. 14 is an illustration of another example of the concave
surfaced photovoltaic system with mismatched resonance
cavities placed on both sides of a panel, in accordance with
various embodiments of the present invention.

DETAILED DESCRIPTION

In accordance with embodiments of the present invention,
a highly efficient solar panel, or a group of panels, can absorb
solar energy in multiple wavelength regions. Such a solar
panel or panels can gather more sunlight through different
directions and is less dependent on climate and orientation of
the panel to maximize solar energy conversion into electric-
ity.

FIG. 1 is an illustration of light absorption cavity used to
trap sunlight for the absorption of solar energy in accordance
with various embodiments of the present invention. In FIG. 1,
a photovoltaic device includes a first column 101 with a first
surface 111, and a second column 102 with a second surface
112, facing directly to each other. In addition, the first surface
111 is applied with a first light absorption media, and the
second surface 112 is applied with a second light absorption
media. The first surface 111 and the second surface 112 form
a resonance cavity that can trap light entering from different
directions to enhance light absorption.

As shown in FIG. 1, both the first surface 111 and the
second surface 112 can be concave surfaces. In order to
improve the efficiency of light absorption, both concave sur-
faces can have radius of curvature that equals or is close to
twice the focal distance of the concave surfaces. Also as
shown in FIG. 1, a resonance cavity can be formed when the
distance 103 between the surfaces 111 and 112 is equal or
close to an integer multiple of the wavelength of the trapped
sunlight. The resonance cavity can collect the scatted light,
and trap and amplity the light for the generation of electricity.

In accordance with an embodiment, there is no limitation
on the size or scale of the light absorption cavity. In accor-
dance with one embodiment, the light absorption cavity can
be one of several photovoltaic devices that make up a solar
panel. In another operation example, the light absorption
cavity can be formed by multiple solar panels that are in a
much larger scale.

In accordance with embodiments that enable absorption of
light, different light absorption media can be applied on the
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surfaces. For example, there can be three types of light
absorption media: a visible light absorption material such as
cadmium telluride (CdTe) and/or cadmium sulfide (CdS); a
UV light absorption material such as titanium oxide (Ti02);
and an infrared light absorption material such as conjugated
polymer (PTPTB).

As shown in FIG. 1, the first light absorption media applied
on the first surface 111 can be, but not limited to, a visible
light absorption media such as cadmium telluride (CdTe)
and/or cadmium sulfide (CdS). The second light absorption
media applied on the second surface 112 can be, but is not
limited to, a UV light absorption media such as titanium oxide
(Ti02).

FIG. 2 is an exemplary illustration of the concave surface
resonance cavity as shown in FIG. 1 when sunlight first
strikes the surface with the visible solar absorption media
applied. In the example shown in FIG. 2, when sunlight in
visible and ultraviolet (UV) wavelength strikes the first sur-
face with the visible solar absorption media applied 111, a
portion of the visible light is directly absorbed by the visible
solar absorption media, while the rest of the sunlight is
reflected to other side of the cavity 112 and is then reflected
back and forth between two surfaces for absorption, resulting
in electricity generation. In this example, the visible light has
many chances to be absorbed by the visible solar absorption
media on the first surface 111 in the resonance cavity. The UV
sunlight, on the other hand, is first reflected by the first surface
that acts as a mirror, to the second surface with the UV
absorption media 112, where some portion of UV light is
absorbed. The unabsorbed UV light during its first interaction
continues to be reflected back and forth in the resonance
cavity to create multiple chances for the UV light to be
absorbed to generate electricity.

FIG. 3 is an exemplary illustration of the concave surface
resonance cavity as shown in FIG. 1 when sunlight first
strikes the surface with the ultraviolet (UV) solar absorption
media applied. In the example shown in FIG. 3, when sunlight
in visible and ultraviolet (UV) wavelength strikes the second
surface with the UV absorption media applied 112, a portion
of the UV light is directly absorbed by the UV absorption
media, while the rest portion of the sunlight is reflected to
other side of the cavity 111 and is then reflected back and forth
between two surfaces for absorption resulting in electricity
generation. In this example, UV light has many chances to be
absorbed by the UV absorption media on the second surface
in the resonance cavity. The visible sunlight, on the other
hand, is first reflected by the second surface 112 that acts as a
mirror, to the first surface with the visible absorption media
111, where some portion of visible light is absorbed. The
unabsorbed visible light during its first interaction continues
to be reflected back and forth in the resonance cavity to create
multiple chances for the visible light to be absorbed for to
generate electricity.

Thus, the sunlight within the range of visible wavelength
and UV wavelength can be reflected many times in the reso-
nance cavity to increase the chance of its absorption. Due to
the fact that the complete cavity has two focal points, light
reflected at any location on the concave surface eventually
converges to the focal points of both concave surfaces. Not
only can the direct incident light be absorbed, but the scat-
tered light from any direction can also be trapped and
absorbed, once it enters the resonance cavity. This signifi-
cantly increases the light absorption efficiency.

In accordance with another embodiment, the light absorp-
tion material on either the first surface or the second surface,
as described in the above example, can be replaced with the
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infrared light absorption material such as conjugated polymer
(PTPTB), in order to absorb the infrared light at the light
absorption cavity.

In accordance with an embodiment, an optimized distance
103 between the first column and the second column is deter-
mined by the height 104 of the first column and the second
column. In one example, the optimized distance 103 can be
determined by finding the maximum value of a in the follow-
ing equation:

a=Arc Tan(L/H*B)-Arc Tan((L/2)/H*B)

where L is the distance of 103 and H is the height of 104. In
addition, p is an empirical coefficient. In one example, the
value of B is 1.0; and in another example, observed from
experiments, the value of § can be 0.6.

In accordance with an embodiment, an optimized distance
103 between the first column and the second column is deter-
mined by the height 104 of the first column and the second
column using a pre-defined relationship as following:

L=1.55*H-13.33 (micron).

In accordance with embodiments that enable absorption of
light, there can be several light absorption cavities. The light
absorption cavities can be spread out to cover a large area in
space. Furthermore, these light absorption cavities can be
arranged in various geometry patterns to improve the effi-
ciency of the light absorption.

In accordance with embodiments that enable absorption of
light, there can be several surfaces on each individual column
applied with same or different light absorption materials. For
example, the shape of the cross section of a column can be
different types of polygons, such as triangle, square, penta-
gon, hexagon, heptagon, octagon etc., or even a circle. In one
example, columns with difference configuration of light
absorbing surfaces can be mixed together to form different
patterns of light absorption cavities, in order to enhance the
absorption of light.

FIG. 4 is an illustration of a concave surfaced column array
photovoltaic panel in accordance with an embodiment. As
shown in FIG. 4, a photovoltaic device 401 comprises a
plurality of first type of light absorption columns 420 and a
plurality of second type oflight absorption columns 430. The
plurality of first type of light absorption columns 420 and the
plurality of second type of light absorption columns 230 form
a two-dimensional array. As shown in FIG. 4, the array is
arranged in such a way that different types of light absorption
columns alternate on each direction of the array.

The solar panel system has a flat base plate 400. On the top
of the plate 400, there are arrays of columns 420 and 430
planted in a particular order. Each column has multiple sides,
for example a square or a rectangular column has four sides.
In one operation example, these column arrays are designed
to have two concave surfaces that face each other and are
placedinan order in space so that those different types of light
absorption columns alternate in both X and Y directions. The
surface on each side of the columns can be made in concave
shapes. The columns can be coated with either CdTe/CdS or
TiO,. The CdTe/CdS coated columns are used for visible light
absorption, and TiO, coated columns are used for UV light
absorption.

In accordance with various embodiments, the base plate
400 can be a flat plate, or alternatively a plate with curvature
at the top surface. Also, the base plate 400 can be a plate that
does not absorb solar energy or a solar panel that can absorb
solar energy, in which case the base plate 400 can interact
with the sunlight to generate electricity. In one operation
example, the base plate 400 with particular curvature can be
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integrated with the concave surface to enhance the absorption
of both visible light and UV light.

In accordance with an embodiment, two concave surfaces,
a first surface coated with visible light absorption media, and
a second surface coated with UV absorption media, face each
other to form a resonance cavity. This cavity captures or traps
the sunlight once it enters, keeps it reflected in the resonance
cavity, and prevents it from loss. Solar energy in the visible
and UV regions is reflected many times in the resonance
cavities to increase the chance of the light absorption. With
multiple reflections, even in a cloudy or rainy day, the cavity
can still generate electricity efficiently.

Furthermore, since the concave column arrays are three-
dimensional, they have less dependency on the incident direc-
tions of the sunlight than a flat solar panel. Scattered sunlight
can be captured or trapped in the cavity for the electrical
generation. More importantly, visible and UV sunlight, if it is
not absorbed during light-solar cell interaction, is reflected
many times in the cavities to increase the chance of the light
absorption. The cavity also helps reduce the sunlight from
loss by focusing the light to the opposite concave surface.
Overall, this solar panel increases the efficiency of electricity
generation dramatically.

FIG. 5 is an illustration of a cross-sectional view of the
concave surfaced column array photovoltaic panel 500, taken
along a line 4-4 and column arrays in the X direction in FIG.
4. As shown in FIG. 5, a first type of light absorption column
501 is adjacent with two second type of light absorption
columns 502 and 503 in the X direction, all with a same height
510. For example, the two direct facing surfaces of adjacent
concave columns 501 and 503 form a resonance cavity 504,
while the two direct facing surfaces of adjacent concave col-
umns 501 and 502 form a resonance cavity 505. The distance
between columns, such as 501 or 502, can be equal to or close
to the focal distance of the concave surface on the light
absorption columns 501, 502 and 503. The radii of concaved
surfaces can be the same, or close to, twice of the focal
distance of the concaved surfaces.

FIG. 6 is an illustration of a cross-sectional view of the
concave surfaced column array photovoltaic panel 600, taken
along a line 3-3 and column arrays in the X direction in FIG.
4. As shown in FIG. 6, a second type of light absorption
column 601 is adjacent with two first types of light absorption
columns 602 and 603 in theY direction, all with a same height
610. Also shown in FIG. 6, the two direct facing surfaces of
adjacent concave columns 601 and 603 form a resonance
cavity 604, while the two direct facing surfaces of adjacent
concave columns 601 and 602 form a resonance cavity 605.
Also, the radii of concaved surfaces can be the same, or close
to, twice of the focal distance of the concaved surfaces.

In accordance with an embodiment, a photovoltaic system
is provided that can absorb a full spectrum of sunlight that
includes visible light, UV light and infrared light. The pho-
tovoltaic device can be made of an array of columns that are
placed onthe top of'a base plate whose top surface is either flat
or with a curvature.

In the operation example 700 shown in FIG. 7, there can be
three types of columns: a first type of column coated with
visible light absorption material such as CdTe/CdS; a second
type of column coated with UV light absorption material such
as Ti0,; and a third type of column coated with infrared light
absorption material.

As shown in FIG. 7, each column is surrounded by several
different types of columns, so that the surfaces on each pair of
columns that face each other form a sunlight absorption cav-
ity. In this example, there are six columns surround any col-
umn not on the edge of the array. In accordance with an
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embodiment, the six columns that surround a first type of
column includes: three columns of second type and three
columns of third types. Subsequently, there are six sunlight
absorption cavities formed, including three visible light—
UV light absorption cavities and three visible light—infrared
light absorption cavities. Each of the absorption cavities func-
tions in such a way that is similar to the mechanism as
described above in FIGS. 1, 2 and 3.

FIG. 8 is a top view of FIG. 7 with three columns in
accordance with an embodiment 800 of the present invention.
As shown in FIG. 8, each of the three columns is placed at one
of'the three corners of an equilateral triangle, so that the axes
of'six resonance cavities surrounding any column as shown in
FIG. 7 are equally oriented with a 60° degree spread. Each
cavity can potentially have two different absorption media on
each side of the concave surfaces. There can be three different
types of cavities, each with one of the following three com-
binations: visible light—UV light; visible light—infrared
light, and UV light—infrared light. These cavities capture
and trap the sunlight once it enters. Solar energy, in visible,
UV and infrared regions can all be absorbed, reflected and
absorbed again many times in the resonance cavities to
increase the chance of photovoltaic reaction.

FIG. 9 illustrates a cross-sectional view 900 of FIG. 7 taken
along a line A-A or B-B of cavity arrays. FIG. 10 illustrates a
cross-sectional view 1000 of FIG. 7 taken along a line C-C
and the cavity arrays in the X direction.

FIG. 11 is an illustration of a concave surfaced photovol-
taic system in accordance with various embodiments of the
present invention. In accordance with an embodiment, the
column at the center 1101 is an hourglass shape cylinder with
circular horizontal cross section. Opposite to the concave
surface around the column at the center 1101 is an outer
ring-like structure 1102, with a circular concave surface fac-
ing toward the center.

FIG. 12 illustrates a cross-sectional view 1200 of FIG. 11
taken along a line I-I. As shown in FIG. 11 and FIG. 12,
different light absorption materials can be applied to the
column at the center 1101 and the outer ring-like structure
1102, to form different types of light absorption cavities. In
accordance with an embodiment, the cross-section view of
FIG. 11 taken along a line I-I can be the same dimension or
shape as cross-sectional view of FIG. 11 taken along a line
II-II. In accordance with another embodiment, the cross-
section view of FIG. 11 taken along a line I-I can be of
different dimension or shape from the cross-section view of
FIG. 11 taken along a line TI-TI, since the outer ring-like
structure can be off the center.

The solar panel system can absorb solar energy in whole
solar spectrum and depend less on climate condition. Further-
more, the concave column arrays have less dependency onthe
incident directions of the sunlight. Scattered sunlight can be
captured and trapped in the cavities for the electrical genera-
tion. More importantly, visible, UV or infrared sunlight, if it
is not absorbed during light-solar cell interaction, is reflected
many times within the cavities, to increase the chance of
being converted into electricity. The cavity can also keep the
sunlight from loss by focusing the light to the opposite con-
cave surface. Overall, this solar panel system can increase the
efficiency of electricity generation dramatically.

FIG. 13 and FIG. 14 illustrate different concave surfaced
photovoltaic systems with resonance cavities placed on both
sides of a panel, in accordance with various embodiments of
the present invention. Placing the resonance cavities on both
sides of the panel enables the photovoltaic system to collect
scattered light from any direction in a 3-dimensional space,
and can substantially increase the overall light absorption
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capacity and efficiency. In the example 1300 shown in FIG.
13, the columns and the resonance cavities on both sides of
the panel can be positioned so that they are aligned on either
side of the panel. In another example 1400 as shown in FIG.
14, the columns and the resonance cavities on both sides of
the panel can be positioned in a staggered fashion on either
side of the panel.

The foregoing description of the present invention has been
provided for the purposes of illustration and description. It is
not intended to be exhaustive or to limit the invention to the
precise forms disclosed. Many modifications and variations
will be apparent to the practitioner skilled in the art. The
embodiments were chosen and described in order to best
explain the principles of the invention and its practical appli-
cation, thereby enabling others skilled in the art to understand
the invention for various embodiments and with various
modifications that are suited to the particular use contem-
plated. It is intended that the scope of the invention be defined
by the following claims and their equivalence.

What is claimed is:

1. An apparatus for enhancing light absorption, compris-

ing:
a first surface on a first column, wherein the first surface
consists of a first photovoltaic light absorption media,
and wherein the first column is an hourglass shape cyl-
inder with a circular horizontal cross section that con-
tains material to complete a first p-n junction together
with the first surface;
a second surface on a second column, wherein the second
surface consists of a second photovoltaic light absorp-
tion media, and wherein the second column is an outer
ring-like structure with a circular concave surface facing
toward the hourglass shape cylinder at center that con-
tains material to complete a second p-n junction together
with the second surface; and
wherein each of the first photovoltaic light absorption
media and the second photovoltaic light absorption
media comprises one of a visible light absorption
media, a UV light absorption media, and an infrared
light absorption media,

wherein the first photovoltaic light absorption media and
the second photovoltaic light absorption media are
different from each other,

wherein both the first surface and the second surface are
concave surfaces that face each other forming a light
absorption cavity, which operates to trap light enter-
ing in the light absorption cavity,

wherein both the concave surfaces have a substantial
same focal distance and are separated by the focal
distance, and

wherein both the concave surfaces absorb the trapped
light and focus light directly to each other for absorp-
tion.

2. The apparatus of claim 1, wherein:

the visible light absorption media comprises cadmium tel-
luride (CdTe) and/or cadmium sulfide (CdS).

3. The apparatus of claim 1, wherein:

the UV light absorption media comprises titanium oxide
(Ti02).

4. The apparatus of claim 1, wherein:

the infrared light absorption media comprises conjugated
polymer (PTPTB).

5. The apparatus of claim 1, wherein:

both the first column and the second column reside on a flat
base panel that absorbs portion of the light.
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6. The apparatus of claim 1, wherein:
an optimized distance between the first column and the
second column is determined by the heights of the first
column and the second column using a pre-defined rela-
tionship.
7. The apparatus of claim 1, wherein:
the first column is one of a plurality of first type of light
absorption columns; and
the second column is one of a plurality of second type of
light absorption columns,
wherein the plurality of first type of light absorption col-
umns and the plurality of second type of light absorption
columns form an array, wherein the array is arranged in
a way that different types of light absorption columns
alternate on each direction of the array.
8. A method for enhancing light absorption, comprising:
applying a first light absorption media on a first surface,
wherein the first surface is on at least one side of a first
column, and wherein the first column is an hourglass
shape cylinder with a circular horizontal cross section;
applying a second light absorption media on a second
surface, wherein the second surface is on at least one side
of a second column and wherein the second column s an
outer ring-like structure with a circular concave surface
facing toward the hourglass shape cylinder at center; and
configuring both the first surface and the second surface to
be concave surfaces that face each other forming a light
absorption cavity, which operates to trap light entering
in the light absorption cavity,
wherein both the concave surfaces have substantially
same focal distance and are separated by the focal
distance to reflect light directly to each other for
absorption,
wherein each of the first light absorption media and the
second light absorption media comprises one of a
visible light absorption media, a UV light absorption
media, and an infrared light absorption media, and
wherein the first light absorption media and the second
light absorption media are different from each other.
9. The method of claim 8, further comprising:
configuring the visible light absorption media to comprise
cadmium telluride (CdTe) and/or cadmium sulfide
(CdS).
10. The method of claim 8, further comprising:
configuring the UV light absorption media to comprise
titanium oxide (Ti02).
11. The method of claim 8, further comprising:
configuring the infrared light absorption media to comprise
conjugated polymer (PTPTB).
12. The method of claim 8, further comprising:
arranging both the first column and the second column to
reside on a flat base panel that absorbs portion of the
light.
13. The method of claim 8, further comprising:
determining an optimized distance between the first col-
umn and the second column by the height of the first
column and the second column using a pre-defined rela-
tionship.
14. The method of claim 8, further comprising:
arranging a plurality of first type of light absorption col-
umns and a plurality of second type of light absorption
columns to form an array; and
arranging the array in a way that different types of light
absorption columns alternate on each direction of the
array,
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wherein the first column is one of a plurality of first type of
light absorption columns; and the second column is one
of'a plurality of second type of light absorption columns.

15. The apparatus of claim 1, wherein:

the first light absorption media and the second light absorp-
tion media are configured to comprise different light
absorption media, and wherein the first light absorption
media and the second light absorption media operates to
absorb light with different spectrum.

16. The apparatus of claim 1, wherein:

a distance between the two concave surface is equal to or
substantially close to an integer multiple of'a wavelength
of the trapped light.

#* #* #* #* #*
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